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^4°!^ ^^M^l- *K£*1R;*1- ^ n {Semiconductor device 

having capacitors of Metal-Insulator-Metal structure and Method of forming the same} 

£ 1 ^ £ 2^ ^H^J SV^^hi: i^*Rr ^-g: 11^71 

£ 3£r <^H^ *B^^-§- ^*Hr 4€: -M^M 

£ 5 ^1 £ lO^r £ wf^tr *H<*H ^^A]Ei# 

<5> £ tiv^^l ^ ^ ^*<HH ^rtr 3°-^, ^1, ^H^ 1 

<6> tiV£^l ^ ^£3-2.3., ^ ^ ^ ^ 

*r°Hl -fr^o.^. Ti^H^fe ^r3?r4. <^M, 
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^ z)t ti]o]E}$] #t*Hr I7fl3] H^l^ ^ 3H4# T^Rr 1 

<7> ti> £ ^] jl^sJ- ^1H1 44, ^jjflAiE^ ^^-8-^=0] #±*}5L 

«fl^*>7] ^tb D^-S-S ?J3JM44 -fl-^-g- 0N04(0xide-Nitride-0xideH 

sH^ ^ &4. °H tfltb a J- a J:^S MIM(Metal-Insulator-Metal) ^-fr 5fe 

?\^X\K\(o}i5} MIM ^4*1^ 4^)4 ^ ^ 4 &4. MIM 7i5|)A]Ei^ ^ 

^ &4. MIM 7i2flA]El^ 7j-0-^^ 7l^^7.}^ ^f>}7)5. ^"4 . 7j- 

-B-^^l 7l^ ^Aj-o] ^ ^ 4^ #ifl ^§4 -a-A>e>7fl l7flS] H^^I^Bl ^ l 7 fl4 ^ 
3flAlEj3. ^^4- #4^1 7l^^>S] ^2flA]E^ -fr34^ #*^*fl^ 

^#€44^ Hifl^t^a ^4. ^h^i^ 

^7l^> ^Hl^i ^q-^ * ^71^-oj ^7^ fgAj-o] ^15)^- g-q- o]^ M.^ 

% ?Hr4. °i*fl, #-ft^l4* *}&*}^ ^o] ^^Al4H 7i#£ 

0M44 ^aj^^i 

<8> ^ f Aj. 7 ) MIM ^3flAlEi# £fe tiV£^]4l4l- *8>^nfl, ^^^4 
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37} ^7>*fe S^sRVcK 

<9> JE 1 ^ £ 2fe ^eflsl MIM 5^*13 3 ^H^^M: ^*Kr *o v ^-|- ^^*>7] W 
^Hl-olJi, £ 3€- MIM 5^13 3 ^H^^M: *8^*Hr i§^*> 

<io> £ 1 ^ £2* #2^, ti>£^7l^(l) ^ #^>^^^(2)# # 

71 *}^f #^^^-(2)^- £^*H #7] 1^17^(1)51 ^<3^4 3^*Kr ofl^s^j 
fc«H:i*(3)* ^71 nfl^ ^#^ZL(3)^ -S^MS* ^HM^ ^(4) 

W ^ #^^^(5)# 2flE^*H #71 ^U-^Bj- ^(4)3 ^<3*j 
* £#Al7l^ *H?-^*(6)* #7] *H?-^*(6) tfl^-t Xfl-*Hr 

7l*(l) *HM^K7)* S^jI, ^"71 ^^^-4(7) -S-ofl #7} ^^d^-* 

s^H #7l *V¥-^*(6) tflofl ^^^-(7a) ^ 3^3^ 5fl€(8a)^ ^^tt 

C1*K]# # O.S ^l^SlZL, ^-71 15^ #^S&(6)£ #7l Sfl^(4)^ 

S.^ £#^171^1 ^cf. ^71 «^ #^-#(6H ^7] ^Sj-^1^- aflEi(4)Sl 
2-¥ £#^171^1 ^ 3£r #7] ^ #^&(6)4 ^"71 WiM^ 4^(4)# 

3 3« 4^1(10) ttflg-^14. ^, ^"71 3fl^(4)^ #71 
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(7a)^ #^ #?1 ^(lO)-l- W ^4. °1S # 7 ] 

^-^l^(7a)s] X3aj£ #7l ^-fs} tfH^^Ml 

<12> £ 3<HHfe #Hfl^ Spf^ ^ Aj.gj.wj-^n}. jflH]^ ^*Hr 4-g- * 0 V^ Ji^^4 

<13> £ 3-g- «l£^l7l^(l) #<*fl *§#^ ^ ^^^^"(2)^- ^§-*M #7l 

«>3E^7l^:(l)S] ^*Kr ^^§^f-E^ZL(3)l- #7l Dfl^^f 

e^ZL(3)l- ^£^7l^(i) ^ofl #^ M^^^(5)# #7l #-?- 

^^(5)^ ^e^^H #7l T.fl^ §«]#eiZL(3)S] # J f 1 3# i^t^lfe *Hf^«-(6) 

^ $#$4. #71 *b^^-«-(6) ifl^-i- swfe «>H*)]7m(i) e^^tb #si- 

a o v 7] §}«-^^(6)^r JHI«5K"|H^)i m^W. #7l *W&<&^, #7l 

^ #7l #7l #^- #^^^-(5)^] 3g^S*«H 

#7l *P^^&(6) ifl^MI ^ S 3^ #Sf»o v *l^ 5fl^(4b), ^*l^(7a) ^ 

<j}Jf£ ^ ^oflS. $#€4. °1 ^-r-°fl£, #7] *Pf#^K7a)£l #71 #s]-«J- 

*IHsi(4b)°l ®-2r ^-fofl aj^H ^ 214. °l^r #71 *H?-^(7a) 

21 avaofl #71 #s)-#*l^ ^UbH ^^^O-S.^, #7l ^^^(7a)^l 37l7> #^ 
1-71 nfl^ojc}-. 
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<15> «v^o] ol^ji^ ^ 7l#^ f^S} ^ ^ £4 K^o) ^} 

MIM ^ ^1^}^ cfl 014. 

<ie> m. «^ 0 ] o] = j7x} ^ 4# 7]#3 4*ilfe ^H 3 -^ 

SH^^-i- MIM T^A^f- ^ tiV £ ^] ^^« 0 v^^- 01 &4. 

< 17 > A^^J. s)-^^ sfl^^7l W MIM ^3Jj)A]B)l- ££*H ^ H ^ 

H o v ^i: afl^W. °1 di^Vfe- «KE3l7m <$o\) t§A^ *M- £f-*!:4. #7l 

^f-«M #?1 a}£^]7l^2] ^^^H ^*Hr ^^^^€^^17]- Hfl^ElJI, 
#71 Dfl^S^a^ZLO) Aj-ofl Aj-^wj-xjn]- sfl^o] Hp]^4. Aj- 7 j A]-^^] nV sj)^ 

*H^£ ^<i^ £^4- 

<18> Aj- 7 ] ^ #71 #3^*1^ s^S] 

<£*\# #«fl ypl£]^ *M W>^^-4. #71 ^Hf^ #ofl W^^-o] tiplSlJL, #71 

#^#^ g #71 sj-^q- #«H1 -B-^H 7fl^sl^ 4^31^4. Aj-71 
^#3^ Af-g-sl^ 0N0(0xide-Nitride-0xide)^l «1«H. ^ -fr^-i:^ £ 

^ ^ &4. 

<19> 4^ MIM TlsfHEit- ^ *V£^1 H#^£ ^JE^IM^ #ofl 

^1 #3-#*m ^ ^^Hr ^Tllf- £f-*>4. #71 ^ 
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^ £tt &S.^7)%<% ^-7] ?fl^^ afleH tfl^H ^^^yjl- £fe 

3fl^# ^4*H W 4€ ii#^l7lfe 

71 t?B^^# #71 ^171^ #31 £ #71 

<2i> o]^, ^«.^v s^l-^- ^-a^H £ «>^^ ^Hl- #>fl*l A 4^^7ls 

^ ^ ^^s. h^ji ^-^t-hmi -g- A^j-oi ^ °xsm- *}7) 

^o]r}. £^#ofl olo^, ^ ^ ^^1-^1 ^Qfc 7l§>7l 

4#^H # ^14. SE$, #°1 ^ Srr 7m "#"<*ll ^^W^ 

# £r 7m 3)3 ^ ^TlM" £r H# ^ojofl *fl ^c] 

7fl7fl ^ 014. ^^)o)] ^^Aj ^ ^S.^ ^Mff 
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<23> £ 41- «VJ£^] 7) #(101) #^1 ^?H1 104) ^ ^^^l^(105)ol 

yfl^sjji, #7} ^z|« o v^]^-( 10 5) ^ #7i #^<?i^-(i04)^- 

<*] #7l «V£^7l#(101)^ 3*r*Hr nH^S^l^e^ Z i( 1 07)7> Hflxl^t}. #7l 

a14h^1^.(105)^ *r 5M. ^71 #?V^^^(104)^ ^Ti^o^o.^ 

#3^21^ 3^ ^WiLS ol-f-^zJ ^ 014. #7] ^4^)^.(105) 
£ #71 f^«?§^(i04H tfltsH %<&^, °fl^tfl, ^els^^n|o. 

s. 01^^ ^.544. 

<24> #71 Pfl ^^1-51^(107) #°11 #^71^- ^(llOaH Bfl^Sljl, #7l #S^*1 

^ sfl^(HOa) #°11 «H-€^(117a)°l «fl^l€4. #5j-^l^ 4€(110a) SHf-^ 

^<3^£ #71 ^^^^11(107)2] #^-^4 ^71^0.5. ^#^4. #71 #3}-#7l 

^ 5fl^(110a)sl #JjL£ £ #71 *H?-£^Kll7a)4] s}-^^ 5Hr4. 4 

*1 tf^H, #71 #^-#7lnV 3fl^(H0a) #^^1 #71 *HM^(117a) 

3}^°1 ^7l^iS ^#£4. #71 *H^q-(117a)£- ^t^H ^ $14. 

# 7 1 ^^q-(ll7a)Sl sq^w^ # 7 1 #5l-«o v 7l^ Jfl^(110a)Sl ^4 H^-id 

#6fl Wfl*13*r ?W 4^31^4. olS Sl«H, #71 ^^q-(117a)^r #Hfl2l 

oil «1*H 7>^ ^ 5i4. ^43-°^, #71 ^^^-(117a)# ?m 
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^ ^^sKilsL <>l-¥-<H*]*r 3H wj-^^c}. ^-7] £^ TiN, TaN, 

TiAIN, WNf-^-S. °]-M*J - 0^4. #71 *Pf^(117a)£r 5=3^, 
(noble metal layer) ^ ^"fWTr ^ffl n -l ^ «WS 

c,]^^^ ^o) «}^i^4. a o v 7 ] o^tfl, ^c]-g-(Pd; Palladium)^, ^ 

4M-S-(Ru; ruthenium)^, €^^-(Pt; Platinum)^- SE^r o]^rq^-(l r ; Iridium) ^-f-^. 

ol#Sr^(lr0 2 )^ o]^^ ^ 544. 

<26> #71 *r4^i^(117a)5l W^^-(122)ol apl^JL, #7l e}^-^ 

(117a) ^ -8-7} ^^(122) A r °H -*H?1^(120H 7fl^^rf. #7) ^^(117a), 
# 7 ] ^^-(120) £ -8-71 #^^(122)^ TWEil- 

<27> #7l ^#^-(122)£r H^m-, ^tfl, ^^(noble metal layer) ^ ^fl^ri: 
■t-^-*}^ £^ t *d^& sWl °1^<H*1^ af^W. # 

71 <^tfl, ^t^-g-CPd; Palladium)^, ^MH-g-(Ru; ruthenium) 1 ^, €^ 

^-(Pt; Platinum)^ iE^r ol^u]-§-(i r ; Iridium)^A5- ^>1^^^ ^ , ^ j\ 

^-fr*}^ H^Wl-^^ ^l^cfl, °le)^-§- 6 1^5r^-(Ir0 2 )^-S. ^1-f-^^ ^ 

5014. 

<28> #7l ^-^^-(120)^: ^w}^'?! -R-^m-^-S 0N0(0xide-Nitride-0xide)^l 
(AI2O3) HLfe *r = ^- ^V^^(Hf0 2 ) °1^<H^ ^ ^cj-. #7l JL-fi-^sM: ^ ^ 
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SflAlE^ t)B»7]<$±Z}£\ ^#4tt TWE^ A>-§-5l^ ^O] B>^H>Cf. o] 

4^ **M1, #4 ^44(120)^8: 7j-^-^^^O.S. - olr}. ^V 7 ] 7^^^101-0. 

PZT, SBT, BLT 4^41-4 °1 2^ f-°.5L 4^4^ ^ $tl4. #4 7j-fr 

4*H4-§T 4^44^ 'J-fj-^xfl 4 4^44 ^ ^ ^*Rr 4444^ 

3°1 4^444. 

<29> £ 5 M]4 51 10£r ^4 4^4t!: #4<*H 4€- ^44^ ^^ll^Eil- 4rr 

4^4 ^44 ^444 W 4^511:44. 

< 30 > ^ 54 tiV3E^)7]^r(l)^ ^43-44(102)* ^444 ^^^^r 

4. #4 ^4£44(102)£r H€*l «g#^- ^ $14. #7l $Ha«3eW 

^44°-S ^44 *£#«teF£(103)* ^<R>4. #4 ^fciKFS 1 
(103)£ H^4^4(4£4f-)4 dli^/^el]^ *r &4. #4 l-£l-4#^ 

(103)* £^ ^r^l 71^(101)^1 ^4^4(104) ^ ^z]-^l^(i05)^r 4315. ^^*V 
4. #71 #?Jr^<a^-(104)^r 4444 ^4444 ^#*^ ^SlS-AVsj-nl-^ ag^ 
I" *r 514. #71 44444U05)£: ^«>44 #4€<?i4-°3. 4-§-4^ ^BlSAj-sj-DVofl 

3144 444441- 4^ 444, 444, #Hl§^sj-4^.s *g#^ ^ &4. #4 4 
4^44(105) 4 #4 ^?>^^4(104)^- £#30. s ^r-f-44 #4 1-£1-4##(103) 

^4^0.5. 3^r*Kr 4^^1-^(107)1- ^§444. #4 
4^(107)^ 5144, 444, £44 f- el 4 el €-4 SE^r *3^€4-°5. *g#^ ^ &4. 
#4 ^^^^#4^(107)1- 4fe- «Vi^l4^-(ioi) 444 #4444(no) ^ 4^34 
(112)* 4313. ^§444. #4 #4444(110)£- #44 44 ifl^oi s.^, ^ 
44, £^ #^^sl-4^ ^#4tt 44 44444. #4 H44 ^44-4£r 
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TiN, TaN, TiAIN g WN-f-JS-S 4 s #4. #?1 «^(112)£ #7l 

(llO)oll tfl$ ^^^tijl- #^0.5. ^/jfcf, s.xg f ^^s^sj-nijo^ $ 

<3i> £ 6 ^ £ 7^r #7l 7fl^^(112) £ #71 -frSHM^KllO)-!- <3^r3-2- 

#7l <L>5}-^m 2fl^(110a)^r #7l ^ ^^fe]^ 107)^ #^3^ £^4. #?1 

#5^1^ 3flBi(110a)^r #71 nfl^SEjjSe^dO?)^ ^7l^O.S ^^^4. #7l #3)- 

^^(llOa)^r -i+5HJ-*m- sfl^UlOa)^ 4^1-^1 ^ ^± #3-2-^ 

^ 5a^. #71 Tfljg^ ^^(112) g #71 #21-^1^- sflUQlOa)^- £fe 
7m #^1 1-J£^<a^(114)^r ^#H:4. #71 #H^^^(114)^r #7l sfl^ 
(112aH tfl*H #4^d^wl§ %<£v\SL£. ^#W. °H cl^H, #71 #H^<£ 

^(114)£r #71 #s}-^l^- sflBjdiOa) ^ #71 #4^1^(105)^1 tfl$ #4^*11- 
«>^*}tf. #71 -^EL^^KlU)^ ^m^fl, ^e^#3^o.:sL *§^Kr 3 

<32> 4V7I 1-H^^^-(114)# #71 sfl^(112aW 3t#^nfl7H ^t4 A l ? J4. # 

7l ^^^^r oil (etch back) #3 Sj-^71 « ^^^^-S ^ °i 

<33> E 8 ^ E 9f #71 3H^^ 3fl^(112a)^r #7l #^-^1^ 

jfl^UlOaW ic#€nfl7H #4*H *)17RK}. °H, 471^^=1 W#^(115H 
#^cf. ^, #7l ?fl^^ 3fl^(112a)ol <3*H #71 7fl^^ Bfl^(112aW *fl7i 

^3*1, #71 *H^^-&(115H ^#^4. #71 ^-f^^*(115)^ #71 1-JEL 
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^^^■(114)oH, #7l *H^^SS-<115)£ -8-71 tfsHM^- Jfl^(llOa) 

<34> # 7 } *H?-3i^£-(115)-§- £fe «>£^7l^(101)ofl s^^V ^^^(117)# 

*>JL, Aj-7] ^^^(117) #<Hl *}^q-£-(115)-£ *fl-ffe ^^^^^(119)^: ^ 

#W. #7l <5pf*I^Kll7)^ ofl^tfl, ^^Knoble metal layer) ^ ^ 

f-fHHr £^ WI D 4 ^ #bH£ S#*Hr ^^1 

#7l ofl^tfl, ^^(Pd; Palladium)^-, ^N^-(Ru; ruthenium)^-, #5} 

El^-(Pt; Platinum)^ SEfe 0 l^^-g-(Ir ; Iridium) 1 ^ AS *r 55i^ , ^ 

#^r£ f-^rfe H##3^#^€r <fl^cfl. °ls)3-& o]AVs}.^(lr02)^ ^ 
#7l SH^^Kll^ f^^^S. ^ 

<35> Aj-7] 5j^^<g^-(n9) ^ # 7 | ^^^-^-(117)^: #7l ^04^(114)01 

^SH^H #71 ^^^(115) iflofl S >iflS. *}^^(H7a) gg 5^ 

^^dv *H3(119aM- ^^W. 6 H, #71 ^^^(117a)^l ^Pf 1 ^ #7l 
^^^•¥(115)^1 7l<y^H #71 4€(110a) #^^1 4 

*1 ^a-}, #71 ^^^-(H7a)2l ^^s). #71 3fl€(110a)^l #^£r * 

^ ^ 7 4^ ^4. o]s #71 *H?-^(117a)£ ^Hfl^l ^B^^l «1*M £ 

£ 5, v 7fl ^x^. ^3 0.5L, #71 ^^q-(117a)^ 5fe Ti^^E^ ^^-g-^ 

ol #7>*>^. 

27-14 



1020020066520 #3 2003/6/19 

<36> £ 10-g: #3:^, #7l 2\*$Q<&^ 3fl€(119a) ^ <$7] #^^(114) 

. °H, ^^(117a)^ ^ £ ^ t*^. 

<37> ^-7] ^^^^(105)01 ti>£^l7l^:(101) ^l^l ^S^*} -^-^^-(120)^: 

^#s}JI, #71 ^^(120) ^Hl #^-^(122)-!: <#7] ^^^-(117a), # 

71 -B-3W120) ^ #7l #^-^(122)£- T^X^l- 
<38> s$7] ^-^(120)€: ^3 ^-^AS. ^>-g-5l^ 0N0(0xide-Ni tr ide-Oxide) ?\ 

(AI2O3) HL^ *}Hi3- #W(Hf0 2 ) ^#^- ^ 5M. °M. #7l JI-ft-^M- ^ 

r]&7}<q±x}°\ ^#*Hr TWlE-l^ ^€ ^ ^ 

21, A oM -B-^HJ-(120)^: ^-fi-^^-S-S ^ #7] 7<Hf PZT, SBT, 

BLT 3~ 7 0 V-^-^l-^ol S^-^ ^tt f^-S ^ 5M. °Hir #7l #-f}- # *H 

nV^. ^2j) A ) E ^ 7^-^*1) 7 ] ^ ^ H^T ^ T^l^jg. ^§#€ ^ 

<39> #71 #^-#q-(122)-£r 1?ltfl, ^^(noble metal layer) ^ ^^r8- 

^-frSRr Sr^-l-^^ ^ a^jE ^#§Hr ?A 0 1 

^-g^r^ ^tfl, ^4-5-(Pd; Palladium)^-, ^-g-(Ru; ruthenium)^, 
(Pt; Platinum)^- JEfe- ^e)^-§-(Ir; Iridium) 1 ^ <r , #7| =f\^ 

^ f-^-^r^ S^Wl:^^ <^m^, 0 lsl4^- ol#^*Klr0 2 )°-^ ^ 014. 
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4. 
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13 1] 

#7] #^^n].o. ^-71 «V5L*fl7l#2l <*| ofl 1" 

^ l *M 9X^, 

3] 

# 7 j ^^-o. ^^(noble meta i )nv g:- ^^-g; S^Kr £^ 

^ ^ ^^l^r ^ aVE3] 

[^^J- 4] 

*fl 1 *M &°H, 
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-8-71 ^ -*7l ^«o^m *fl€3 #^£r «J3l##4| 

WW 5] 

l *M 5a°H, 

A <M -n-^l^Br -fr^^S. 0N0(0xide-Nitride-0xide)^l 

7] 

*fl 5 o}o^ f 
8] 

^ 5 %H1 &<>H, 

^-7] ^^( nob i e metal ^ 5Efe SWfe 

n ^ 'd^Q o^o}*]^ ^ ^ w> £ ^ ^f. 
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C^t^ 9] 

#°ll *H1S ^U-^m afl^ * ffl^ sfl^-i- *§^f>}±= £31; 

#7l «£ 3fl^,g- «V£^7l^l # 7 J 7fl ^^ sfligofl tfl*H 

#7i I-h^^M: #7} tH^^- 5fl^oi }r.#€^^H ^W^Hr £31; 

#71 #Z|*H # 7 J #3n V *l^ Sfl^i #-f-^ ic# 

Al7l^r *H?-^*-fr *8#*Hr £31; g 

#71 *}^- £^-«- ^#*Rr TQ:7fl« #71 7fl^^ s}]£^ 

#71 4HeH tfl«H M^iLS *8^*Hf *%SL3L 

£:£*11 ^7>^l ^#^. 
10] 

^ 9 %H1 5a°i^, 

#71 #shm^ *nsi ^ n*g&<&n nm^ ^#^71 *h, 

#71 WV£^7l^ofl f^O^ ^ AIZ]-^^ tg^*}^ ^) ; 

#7l ^Z^l*]- ^ # 7 | ^Ti^^nV^ ^fsH #7l £5^7]^ ^ 

l^^felaf ^#*Hr £311- #7l nfl^ ^#el^) #^-£ 

£ #71 #3-^*1^ sfl€ i3<8^4 ^#*Kn, #7] ^z^M^ #71 #h 

*i£^H tfl*H ^zHd^lft ^£^-^-S 3# 4^JA5. £51*11 i 

^ «g#^. 
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[37^ 111 

#7l #5}-«o v *m ^£ 51*d# $4=^3^0.3. ^#*Kr 3^ *HJ.2.S *m 

12] 

4 9 %H1 

[37*8- 13] 

*H 9 ^H] &°H, 

[^U" 14] 

^ 9 %H1 &°H, 

^ *g#*Kr 

#*Kr #31; 

#71 *}^f #6j| #7) s^^g- jfl-ffe 5}^<3^M: ^#*Rr 
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o) mh ^4 ^-g- ^*Hr £7im ^ o.s *m # 

3E^| £7 r 3 

m^*} 15] 

^71 ^^(noble metal)^ JE^r ^#-§- ^-j^rfe 

^ # ^>M-S 3# mtSLS. Sj-fe ±x}9] 

[^H" 16] 

*)4*H 7*)m$= #31; g 

17] 

16 %H &°H, 

#7] -B-^i^ ^^^1 GN0(0xide-Nitride-0xide)«Ml «1^V 

°) -B-^^ ^ JL-B-^^S ^*Rr ^-i: ^^-S ^ #£3fl ^7}5] ^ 

. 

1 3^ 18] 

4 16 1H 5tM*i, 
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19] 

16 *oH) floH, 

# 7 ] tf^^ ^#(noble metal )^ SEfe nS^-i- f-B-*}^ ^ttl 
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IS. 3] 




8a 



7a 4a 

i 




[£ 4] 



117a 



105 



1 
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[£ 9] 

117a 119a 
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